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(54) Gas turbine combustor 

(57) A combustor (10) for a gas-or liquid-fuelled tur- 
bine having a compressor to supply air to the combustor 
for combustion and cooling, comprises a radially inner 
member (20) which defines a combustion chamber (1 2) 
and a radially outer member (30), a passage (40) for 
said air being defined between the inner member and 
the outer member so as to extend alongside the com- 
bustion chamber over at least part of the length thereof 
and a fuel/air mixer (14) being provided at the upstream 



end of the combustion chamber, the cross-sectional ar- 
ea of the passage between the two members increasing 
over at least part of the length of the passage in a di rec- I 
tion from the downstream end to the upstream end of 
the combustion chamber, the passage having an inlet 
adjacent to the downstream end of the combustion 
chamber whereby air from the compressor enters the 
passage at the inlet, and flows in a direction towards the 
mixer. 
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Description 

[0001] This invention relates to a combustor for a gas- 
or liquid-fuelled turbine. 

[0002] A turbine engine typically comprises an air 
compressor, at least one combustor and a turbine. The 
compressor supplies air under pressure to the combus- 
tor or combustors, such air being utilised for both com- 
bustion and cooling purposes, various ways of allocat- 
ing the air for the two purposes have been proposed. In 
the normal arrangement a proportion of the air is mixed 
with the fuel while the remaining air supplied by the com- 
pressor is utilised to cool the hot surfaces of the com- 
bustor and/or the combustion gases, (i.e. the gases pro- 
duced by the combustion process). 
[0003] Environmental considerations and legislation 
relating thereto continue to drive down the acceptable 
levels of harmful combustion emissions (specifically 
NO x and CO) during operation of such engines. At the 
same time engineers strive to improve the efficiency of 
the engines, usually through higher operating tempera- 
tures which unhelpfully tend to increase the harmful 
emissions specifically of NO x ; they also took for simpler 
designs in order to reduce the costs of manufacture and 
maintenance. Inevitably, there is a conflict in establish- 
ing these objectives and compromises have to be made. 
[0004] The present invention seeks to provide a com- 
bustor of relatively simple construction wherein efficient 
operation (including efficient cooling) is achieved with 
the production of harmful emissions kept as low as pos- 
sible. 

[OOOS] According to one aspect of the invention there 
is provided a combustor for a gas-or liquid-fuelled tur- 
bine having a compressor to supply air to the combustor 
for combustion and cooling, the combustor comprising 
a radially inner member which defines a combustion 
chamber, and a radially outer member, a passage for 
said air being defined between the inner member and 
the outer member which passage extends generally ax- 
ially alongside the combustion chamber over at least 
part of the length thereof and a fuei/air mixer being pro- 
vided at or adjacent to the upstream end. referred to a 
direction of working fluid, of the combustion chamber, 
the passage having a plurality of inlets adjacent to th e 
downstream end of th o rnmbustion chamber whereby 
in use substantially all the air from the compressor en- 
ters the passage via the said inlets, and flows in a direc- 
tion towards the mixer to cool the combustor and then 
enters the mixer to mix with fuel to provide a combustible 
mixture, the cross-sectional area of the passage be- 
tween the two members increasing over at least part of 
the length of the passage in a direction from the down- 
stream end to the upstream end of the combustion 
chamber. 

[0006] Preferably the inlets are provided in a transition 
portion of the outer member and, in use, the air passing 
through the inlets impinges on a transition portion of the 
inner member to give impingement cooling. 



[0007] The radially inner member may be of generally 
cylindrical formation with a portion of reduced diameter 
at its upstream end which is affixed to the mixer, and 
preferably the portion of reduced diameter is shaped to 

s provide an annular chamber in which is provided a seal- 
ing means for sealing engagement with the mixer. Re- 
silient means may be provided to bias the said sealing 
means generally radially inwardly into engagement with 
the mixer and said sealing means may comprise an an- 

io nular piston ring arranged so as to be capable of axial 
sliding movement. 

[0008] Preferably at least over a part of the length of 
the passage, turbulence inducing mea ns are provided 
to produce turbulence in the flow of cooling air there- 
's through and said turbulence inducing means may com- 
prise at least one turbulator affixed to a said member to 
extend into said passage. 

[0009] The wall of the radially outer member may 
have a flexible portion and the flexible portion is prefer- 

20 ably corrugated to allow for thermal movement of the 
wall without stress; further the corrugated portion caus- 
es turbulence in the airflow through said passage. 
[001 0] Preferably the mixer is affixed in position by fix- 
ing means which are removable to allow axial move- 

25 ment of the mixer in a direction away from the combus- 
tion chamber. 

[0011] According to a further aspect of the invention 
there is provided a combustor for a gas-or-liqu id-fuelled 
turbine, the combustor comprising a member which de- 

30 fines a combustion chamber, a fuel/air mixer which is 
provided at the upstream end of the combustion cham- 
ber, there being a sealing arrangement provided be- 
tween the member and the mixer, said sealing arrange- 
ment comprising a substantially annular sealing means 

35 received in a recess provided in the member and/or the 
mixer, said annular sealing means being acted upon by 
resilient means to move it generally radially relative to 
the member. 

[0012] Preferably the recess is defined by a pair of 
40 spaced generally radially extending wall portions of the 
member and a generally axially extending portion of the 
member extending between said radially extending por- 
tions. The resilienl means may be in the form of at least 
one spring and the spring may take the form of an an- 
45 nular spring with a wave-like configuration. 

[0013] It is also envisaged that the annular sealing 
means may take the form of a flexible piston ring ar- 
ranged so as to be capable of axial sliding movement. 
[0014] An embodiment of the invention wifl be de- 
50 scribed by way of example with reference to the accom- 
panying drawings in which: 

Figure 1 shows a diagrammatic axial section 
through an embodiment of a can -type combustor 
55 according to the invention; 

Figure 2 illustrates a piston sealing arrangement for 
sealing the wall of the combustion chamber to an 
air/fuel mixer arrangement; 
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Figure 3 shows a diagrammatic plan view of the an- 
nular sealing ring and its associated 'cockle 1 spring 
with only part of the circumference thereof illustrat- 
ed in detail. 

[001 5] Throughout the following it should be appreci- 
ated that upstream and downstream are terms to be re- 
lated to the left and right ends of the combustion cham- 
ber respectively as seen in Figure 1 ; air and fuel enter 
the combustion chamber at its upstream (left) end and 
the combustion gases produced exit the combustion 
chamber at its downstream (right) end. 
[0016] The combustor may be embodied in any con- 
ventional turbine layout, e.g. tubular, single can or multi- 
can, turbo-annular or annular. The combustor has a 
combustion chamber in which a combustible mixture of 
air and fuel is burned, the hot "combustion gases' pro- 
duced thereby thereafter leaving the combustion cham- 
ber to act to drive the turbine. A compressor (not shown) 
supplies air to the combustion chamber and also for 
cooling; the compressor is shaft coupled to the turbine 
to be driven thereby. 

[0017] The combustor 10 as illustrated in Figure 1 is 
of generally cylindrical form and as indicated above may 
constitute one of a plurality of such combustors ar- 
ranged in an annular array. The combustor 10 has a 
main combustion chamber 1 2. A fuel/air mixer 1 4 is fix- 
edly positioned at or adjacent the upstream end of the 
combustion chamber 12, fuel being fed to the mixer 14 
via an injector arrangennient^SO. A combustor outlet or 
nozzleTegion 16 at the downstream end of the combus- 
tion chamber 1 2 connects with the turbine 1 8. The outlet 
16 is of reduced diameter relative to the combustion 
chamber 1 2, there being a transition zone 1 8 of reducing 
diameter in the downstream direction between the main 
combustion chamber 12 and the outlet 16. 
[001 8] The chamber 1 2, outlet 1 6 and zone 1 8 are de- 
fined by generally cylindrical member JO of unitary con- 
struction; the wall 21 of the member 20 has a main por- 
tion 22, a reducing diameter portion 24 and a portion 26 
which portions respectively define the combustion 
chamber 1 2, the transition zone 1 8 and the combustor 
outlet region 16. Furthermore, at its upstream end the 
member 20 has a portion 28 of a reduced diameter rel- 
ative to the combustion chamber 1 2. which portion 28 
provides for fixing and sealing of the mixer 14 relative 
to member 20 (see below for further details). Radially 
outside the member 20 is provided a further generally 
cylindrical member 30 such that between radially outer 
surface 21a of the wall 21 of member 20 and the radially 
inner surface 31 b of the wall 31 of member 30 and run- 
ning alongside the combustion chamber 20 is provided 
apassage_40 through which air flows to the mixer 1 4, 
IhTair belng~supplied by a compressor arrangement as 
indicated above. The cylindrical member 30 may be of 
single-piece construction. 

[0019] As seen, the wall 31 of the member 30 has a 
main portion 32 which extends axially alongside the por- 



tion 22 of member 20, and portions 34 and 36 extending 
respectively alongside portions 24, 26 of member 20. 
Further, it will be observed that at least the portion 32 of 
member 30 diverges away from portion 22 of member 
s 20 in the direction of the mixer i.e. in a direction extend- 
ing from the downjitreamjjnd of the combustion cham- 
ber to the upstte^m_end_,Qf_the- combustion-chamber. 
This means that the cross-sectional area of the passage 
40 increases in that direction. 
io [0020] The air enters the passage 40 through spaced 
inle t ports 42 defined in the tr ansition portion J3 4 of the 
second "meTffcer 3U indeed sucn spaced por ts may be 
provided within an area representing substantially the 
whole axial and circumferential extent of the transitio n 
is zone 3 4. Initia lly this air impinges on the outer sur face 
of the wall of transition portion 24 and th e jsutlet reg ion 
of member 2 0 to extract heat from and thus cool the im- 
pinged surface of portion 24. As the air, which is still re|- 
aliyelycool, passes along the passage 40 it extracts f ur- 
20 ther heat from the surface 21a and because of the in- 
creasing cross -sectional area of the passage the air ex- 
pands (and hence cools) and this further assists in cool- 
ing of the combustor. It is to be appreciated that in con- 
tradistinction to many prior art arrangements none of the 
25 air from the compressor enters the combustion chamber 
other than at the upstream end thereof. All air flow int o 
the combustion c hamber 12 is through the p assage 40 
and via the mixer 14 . Thus all or effectively all the cooling 
air as supplied by the compressor is also utilised for mix- 
30 jng wjtft fuel ig the mixer 14 and this acts to produce a 
lean combustionjni xture . As is well known, such a lean 
combustion mixture acts to produce relatively low 
amounts of potlutants, e.g. NO x . Moreover, since all the 
air is utilised initially for cooling, relatively cool working 
3S of the components of the combustor is assured which is 
an important consideration for component long life. Fur- 
ther, as no cooling air is introduced directly into the com- 
bustion chamber there is no quenching effect and lower 
levels of CO can be readily maintained. 
40 [0021] In a preferred arrangement and in order to give 
maximum cooling, an arrangement which provides Jur- 
buience of the air flowing down the passage is provided, 
"in the illustrated embodiment, turbulence inducing 
means in the form of turbula tors 48 are provided at- 
45 tached to the outer surface 21 a of combustion chamber 
wall portion 22 although it is to be understood that such 
turbulators may be provided alternatively or additionally 
on the inner surface 31b of wall portion 32 of member 
30. Further and as shown the turbulators 48 are located 
so towards the larger end of passage 40. Such turbulators 
48 comprise generally annular structures extending 
around the combustor but each with a wave-like config- 
uration. The turbulence thereby induced into the cooling 
air flowing in the passage improves heat extraction. Air 
55 leaving passage 40 enters the mixer 1 4 and flows radi- 
ally thereinto as indicated by arrows 50. The mixe M 4 
is sh own as having swirl vanes 52 to ensure thorough 
mixing of fuel and air but any conventional arrangement 
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is appropriate. 

[0022] it is to be noted the wall 31 of member 30 has 
a convoluted or corrugated section 37 adjacent to the 
downstream end of the passage 40. Such convoluted 
section 37 comprises a series of inter -connected peaks 
and troughs provided in the wall 31 each peak/trough 
extending around the entire circumference of the wall 
31 . The convoluted section 37 allows for thermal move- 
ment of the wall 31 to prevent stress building up therein; 
thus the section 31 acts effectively as a bellows. Further, 
however, the convolutions provide a significant cooling 
effect. As the initially smooth air flow from the right hand 
end of passage 40 passes over the convolutions it is 
disturbed by the peaks and troughs and becomes tur- 
bulent, thereby achieving greater heat transfer from sur- 
facQ 21a 

[0023] ~The inner and outer cylindrical members 20, 
30 are attached to the mixer 14 as shown. The fixing of 
member 30, as shown, utilises an annular member 38 
affixed to member 30 as by bolts 39 and having a radially 
inwardly extending portion 38a affixed to mixer 1 4 in any 
conventional manner, e.g. utilising bolts or screws. The 
affixing of member 20 to mixer involves a fixing/sealing 
arrangement 70. More especially there is a fixing/seal- 
ing arrangement 70 between the radially outer surface 
1 5a of an axially extending cylindrical wall 1 5 of the mix- 
er 1 4 and the portion 28 of inner cylindrical member 20. 
Such arrangement is illustrated in close-up in Figure 2. 
The portion 28 is provided as part of the unitary member 
20 and wall 15 of mixer 14 extends therethrough. The 
portion 28 comprises an axially extending portion 28a 
integral with a radially inwardly converging portion 29. 
and further comprises radially extending portions 28b, 
28d conjoined by an axially extending portion 28c. The 
portions 28b, 28c, 28d define an annular recess 2Be. A 
sealing means taking the form of an annular piston ring 
72 is received in annular recess 28e with a respective 
clearance at each side to allow of a degree of axial slid- 
ing movement of the piston 72 in the recess 28e. Fur- 
ther, the sealing ring 72 is flexible, being capable of a 
degree of flexible movement in circumferential direc- 
tions. Resilient means 74 act on the piston ring 72 to 
push it generally radially into sealing engagement with 
the outer cylindrical wall 1 5a of the mixer body 1 4. Such 
resilient means may be in the form of a wavy spring 74, 
a so-called "cockle" spring. In contradistinction to the pri- 
or art where this sealing arrangement is provided to- 
wards the downstream end of the combustion chamber 
it will be observed that this sealing arrangement is at the 
upstream end. This means that the diameter of the pis- 
ton ring and its associated spring is reduced in compar- 
ison with prior art arrangements. This reduces the cost. 
Also because temperatures in this position are generally 
lower than towards the downstream end of the combus- 
tion chamber, which lends to deterioration in the spring's 
performance, the spring will tend to maintain its spring- 
iness for longer. Also there tends to be a certain amount 
of air leak through the gaps between the waves of the 



spring and this is reduced by utilising a reduced diame- 
ter spring. 

[0024] The mixer 14 and its associated injector ar- 
rangement 60 may be affixed in position by means of a 
s fixing arrangement 54 which is accessible externally e. 
g. a plurality of bolts. By means of such an arrangement 
dismantling of the combustor is relatively easy , the bolts 
are removed and the mixer/injector can be removed ax- 
ially simply by sliding out. 

w 



Claims 

1. A combustor (10) for a gas-or liquid-fuelled turbine 
is having a compressor to supply air to the combustor 
for combustion and cooling, the combustor (10) 
comprising a radially inner member (20) which de- 
fines a combustion chamber (1 2). and a radially out- 
er member (30). a passage (40) for said air being 
20 defined between the inner member (20) and the out- 
er member (30) which passage (40) extends gen- 
erally axially alongside the combustion chamber 
(12) over at least part of the length thereof and a 
fuel/air mixer (14) being provided at or adjacent to 
25 the upstream end, referred to a direction of working 
fluid, of the combustion chamber (12). the passage 
(40) having a plurality of inlets (42) adjacent to the 
downstream end of the combustion chamber (1 2) 
whereby in use substantially alt the air from the 
30 compressor enters the passage (40) via the said in- 
lets (42). and flows in a direction towards the mixer 
(1 4) to cool the combustor (10) and then enters the 
mixer (14) to mix with fuel to provide a combustible 
mixture, the combustor (10) being characterised by 
3S the fact that the cross-sectional area of the passage 
(40) between the two members (28. 30) increases 
over at least part of the length of the passage (40) 
in a direction from the downstream end to the up- 
stream end of the combustion chamber (12). 

40 

2. A combustor as claimed in Claim 1 wherein the in- 
lets (42) are provided in a transition portion (34) of 
the outer member (30) and, in use, the air passing 
through the inlets (42) impinges on a transition por- 

45 tion (24) of the inner member (20) to give impinge- 
ment cooling. 

3. A combustor as claimed in Claim 1 or Claim 2 
wherein the radially inner member (20) is of gener- 

so ally cylindrical formation with a portion (28) of re- 
duced diameter at its upstream end which is affixed 
to the mixer (14). 

4. A combustor as claimed in Claim 3 wherein the por- 
55 tion (28) of reduced diameter is shaped to provide 

an annular chamber (28e) in which is provided a 
sealing means (72) for sealing engagement with the 
mixer (14). 
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5. A combustor as claimed in Claim 4 wherein resilient 
means (74) are provided to bias the said sealing 
means (72) generally radially inwardly into engage- 
ment with the mixer (14). 

6. A combustor as claimed in Claim 4 or Claim 5 
wherein said sealing means (72) comprises an an- 
nular piston ring arranged so as to be capable of 
axial sliding movement. 

7. A combustor as claimed in any preceding claim 
wherein at least over a part of the length of the pas- 
sage (42), turbulence inducing means (48) are pro- 
vided to produce turbulence in the flow of cooling 
air therethrough. 

8. A combustor as claimed in Claim 7 wherein said tur- 
bulence inducing means (48) comprises at least 
one turbulator (48) affixed to a said member (20 or 
30) to extend into said passage (40). 

9. A combustor as claimed in any preceding claim 
wherein the wall of the radially outer member (30) 
has a flexible portion (37). 

1 0. A combustor as claimed in Claim 9 wherein the flex- 
ible portion (37) is corrugated to allow for thermal 
movement of the wall without stress. 



said radially extending portions (28b, 28d). 

15. A combustor as claimed in Claim 13 or Claim 14 
wherein the resilient means (74) is in the form of at 

s least one spring. 

16. A combustor as claimed in Claim 15 wherein the 
spring (74) takes the form of an annular spring with 
a wave-like configuration. 

10 

17. A combustor as claimed in any one of Claims 13-16 
wherein the annular sealing means (72) takes the 
form of a flexible piston ring arranged so as to be 
capable of axial sliding movement. 

75 
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11. A combustor as claimed in Claim 10 wherein the 30 
corrugated portion (37) causes turbulence in the air- 
flow through said passage (40). 

12. A combustor as claimed in any preceding claim 
wherein the mixer (1 4) is affixed in position by fixing 35 
means (54) which are removable to allow axial 
movement of the mixer (1 4) in a direction away from 

the combustion chamber (12). 

13. A combustor (10) for a gas-or-liquid-fuelled turbine, *o 
the combustor (10) comprising a member (20) 
which defines a combustion chamber (1 2), a fuel/ 

air mixer ( 1 4) which is provided at the upstream end 
of the combustion chamber (12). there being a seal- 
ing arrangement provided between the member *s 
(20) and the mixer (1 4), said sealing arrangement 
comprising a substantially annular sealing means 
(72) received in a recess (28e) provided in the mem- 
ber (20) and/or the mixer (1 4), said annular sealing 
means (72) being acted upon by resilient means so 
(74) to move it generally radially relative to the 
member (20). 

14. A combustor as claimed in Claim 13 wherein the 
recess (28e) defined by a pair of spaced generally ss 
radially extending wail portions (28b, 28d) of the 
member (20) and a generally axially extending por- 
tion (28c) of the member (20) extending between 
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